Serosurveillance is an important component of any comprehensive surveillance system for vaccine preventable diseases. Disease notification data are necessary to detect outbreaks and can provide timely epidemiological profiles of a disease. However, the incidence of a disease is often under-estimated by notifications, especially when a proportion of cases are asymptomatic. If this proportion changes with age, or if cases are clinically misdiagnosed, then notification data may present biased information. Serosurveillance is therefore the gold standard for measuring immunity in a population, and complements disease surveillance. The data from serosurveillance are also an essential contribution to mathematical modelling, which can predict the potential for cases in the future, and thus when-and in which age groups-intervention is required to prevent an epidemic. This article describes Australia's national serosurveillance program, which is an important source of information for public health action.
CONDUCTING SEROSURVEILLANCE
There are two methods that can be used to obtain sera for a serosurvey. The ideal method is to collect sera from subjects randomly selected to represent the population. The second more pragmatic approach is to use a sample of sera submitted for diagnostic testing that would otherwise have been discarded. The national serosurveillance program in Australia uses the latter approach.
In the first serosurvey conducted in 1999, 52 public and private diagnostic laboratories throughout Australia were invited to provide samples of residual sera. Approximately 13,000 sera from patients aged one year to over 90 years were collected from 45 laboratories.
Serosurveillance using a convenience sample Our methodology was modelled on that used for serosurveillance in England and Wales, which began in 1986-87 to coincide with the introduction of the measlesmumps-rubella (MMR) vaccine in 1988. Each year since then they have collected sera from specific age groups, and every five years sera are collected from across the entire age range.
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Serosurveillance using a population-based random sample The alternative approach to convenience sampling is population-based random sampling. In the USA sera are collected as part of the National Health and Nutritional Examination Survey program (NHANES). This program includes periodic national surveys based on a multistage probability-sample design and involves a household interview and physical examination. 2 The last survey (NHANES III) was conducted in 1988-1994, when approximately 40,000 sera from persons aged two months AUSTRALIA'S NATIONAL SEROSURVEILLANCE PROGRAM and over were collected and used to determine immunity to tetanus, measles, rubella, hepatitis B and C, and HIV. [2] [3] [4] [5] [6] [7] In The Netherlands, a population-based random sample of sera, designed specifically for serosurveillance, is collected using a two-stage cluster sampling technique. 8 The first such collection was in 1995-96, when nearly 10,000 sera were obtained to examine for immunity to diphtheria, poliomyelitis, measles, mumps, rubella, Haemophilus influenzae type b, and hepatitis A, B and C. [8] [9] [10] [11] [12] [13] [14] [15] Advantages and disadvantages of population-based sampling Serosurveillance programs in both the USA and The Netherlands collect detailed information about risk factors and the vaccination status of participants. This is a major advantage of the population-based random sampling methodology over the opportunistic collection method. It also permits over-sampling of particular at-risk groups, so that appropriate sample sizes are obtained for subgroup analyses. In addition, risk factors associated with low levels of immunity can be identified allowing vaccination programs to be targeted appropriately. For example, in the USA, susceptibility to tetanus was associated with certain sub-populations. 2 The major disadvantage with random sampling is that it is more costly and time consuming than collecting a convenience sample. A study in Victoria by Kelly et al. estimated the cost of retrieval and storage per antibody tested using a random cluster sample to be about seven times more than the equivalent cost for a convenience sample. 16 
Comparing serosurveys
To allow comparisons between laboratory methods and differing immunisation programs, a European SeroEpidemiology Network (ESEN) was established in 1996. 17 The network aims to coordinate and standardise serosurveillance for vaccine preventable diseases in Europe. Panels of sera representing a range of immunity levels are prepared by a designated reference laboratory. These are then tested by each country using their usual testing method and calibrated against the reference laboratory's results by way of a standardisation equation. This equation is then applied to the serum bank collected in each country to convert the results into standard reference laboratory units. The first ESEN project looked at five vaccine preventable diseases (measles, mumps, rubella, pertussis and diphtheria) and involved six countries (Denmark, France, Germany, Italy, The Netherlands and the United Kingdom). The results for measles, mumps and rubella have been published and show promise although there is still some residual lack of comparability after standardisation. 18 A second ESEN project (ESEN2) is now under way and will include more countries and additional vaccinepreventable diseases (varicella and hepatitis A and B). In Australia, the National Centre for Immunisation Research 
BIASES IN SEROSURVEYS Biases in population-based random samples
To be confident that a sample is unbiased, a wellrandomised, population-based sample with a 100 per cent response rate is required. In practice, however, this is impossible to achieve and non-participation is usually quite high in randomised surveys. In a Victorian study using a three-stage random cluster sample from schoolaged children, the school response rate was 59 per cent and the rate for students consenting to provide sera was between 32 and 39 per cent. 16 Participation in the NHANES III survey was higher at 77.4 per cent, although rates were much lower for children aged 6-11 years (52.7 per cent). 2 In The Netherlands serosurvey, the participation rate was 55 per cent. 8 Low response rates may lead to non-participation bias if participation is related to disease immunity. In The Netherlands serosurveys, some demographic characteristics were available from a municipal database on all eligible individuals. 19 These were examined: nonparticipants were more likely to be unmarried, not Dutch in origin, and live in highly urbanised areas. The latter two factors could to be related to immune status and thus lead to a biased estimate of immunity. The risk of infection may be greater in urban areas compared with small towns, due to the higher population density. Nationalities other than Dutch are also likely to have differing immunity because of variations in vaccination programs and disease incidence between countries. Some adjustment can be made by over sampling the under-represented groups and weighting the seroprevalence estimates. 2, 19 However this does not always reduce the bias, especially when there are other unmeasured differences between participants and non-participants.
Biases in convenience samples
As with random samples, convenience samples may also be biased. However, because less is known about participants in convenience samples compared with those from a random sample, any potential biases are more difficult to identify and control for when estimating seroprevalence. 1, 20 In Australia, we reduced the potential for selection bias by enrolling most (86.5 per cent) major laboratories in the country with the majority of samples from ambulatory subjects rather than hospitalised patients. We have also been able to demonstrate that our convenience sample of sera gave similar results to those obtained from a prospectively collected, random sample from school-aged children in Victoria for immunity levels to measles, mumps, rubella, hepatitis B and varicella. 16 However, for some diseases (such as hepatitis C) for which seropositive individuals may be over-sampled due to increased diagnostic testing, opportunistic collections may not yield accurate estimates of immunity, although the distribution of immunity by age and over time may still provide useful information.
AUSTRALIA'S FIRST SEROSURVEY Methodology
Australia's first national serosurvey aimed to provide a national picture of immunity to each disease examined within each age group surveyed. In each age group for both males and females, states and territories were sampled proportionally to their 1997 population size. Sample sizes were calculated to achieve confidence intervals of approximately +/-five per cent for each age group, based on the expected level of immunity to each disease. This provided a precise estimate of immunity for Australia as a whole in each age group; however, the sample sizes calculated did not provide appropriate power for a precise estimate of immunity in each individual state and territory.
Except for the pertussis serology (which was performed in Italy) all testing was performed at the Centre for Infectious Diseases and Microbiology (CIDM), Institute of Clinical Pathology and Medical Research (ICPMR) at Westmead Hospital, Westmead.
Timing
The main reason for the timing of the first national serosurveys was to contribute to the evaluation of the Measles Control Campaign (MCC), which was conducted in the second half of 1998. 21 Two convenience samples of sera were collected to do this. The first comprised 9,341 sera collected from individuals aged from one year to over 90 years in the two years prior to the campaign. The second was of 3,513 sera from 1-18-year-old children collected between January and May 1999. Participating laboratories were requested to exclude sera from subjects who were known to be immunocompromised; to have received multiple transfusions in the previous three months; be infected with human immunodeficiency virus; or to have had serum collected for diagnosis of measles. Only one sample from any subject was tested.
Results
The first serosurvey has provided a wealth of information. Not only were we able to provide a qualitative measure of the success of the MCC, 20 we have been able to determine the age-specific immunity to several diseases (Table 1) .
These serological profiles demonstrate the effect of past and current vaccination policies, as well as natural infection on immunity. In addition the profiles have been used to determine those age groups now most at risk of infection, which has enabled appropriately targeted interventions. For example, the MCC measles serology identified a cohort of young adults with a low level of immunity. 22 To improve their immunity, this group were targeted by a MMR vaccination campaign conducted in 2001. 23 Data from the first serosurvey have and will continue to be a particularly valuable ingredient in the mathematical modelling conducted by NCIRS. The measles serology results have been used to predict when another epidemic may occur and what must be achieved to prevent it from occurring. 25 The pre-vaccination serosurvey on varicella immunity has provided data to calculate epidemiological parameters such as the age-specific force of infection (that is, the incidence rate in the non-immune population), the average age of infection and the average number of susceptibles infected per case in a completely susceptible population. These data provide us with a better understanding of the current epidemiology of varicella and also with the information needed to model the impact of different vaccination scenarios. Modelling is now under way based on the methodology used in Canada and the United Kingdom.
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THE FUTURE OF SEROSURVEILLANCE IN AUSTRALIA
The first national serosurveys have been extremely useful but only provide a snapshot of immunity at one time. For diseases whose epidemiology does not change over time, a one-off serosurvey may be sufficient. However, after vaccination is introduced, or when the incidence of infection is changing over time, ongoing serosurveillance is required. In addition, we would like to examine immunity to other diseases and the serum bank is now severely depleted. With these points in mind, collection is currently under way for the second serosurvey. We are using the same methodology as that used in the first serosurvey and estimate that at least 5,000 serum specimens need to be collected from ages 1-59 years to perform tests that are currently under consideration (Table 2) .
Given the results of the first serosurvey, the second is likely to provide us with just as many interesting findings to guide vaccination activity and policy development. Looking further ahead, NCIRS plans to conduct regular serosurveys as part of its surveillance program.
